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[lf*3S4l 
[If *s 5 1 

If 4 mB^O||lg[iIJ?& ic j3 -C , 

[ii*3®6i 

|f^]g 1 ^Srv^ L 5 Ov^-rn;0-tciB<gO^Jg[iIl^tc^v>T, 

^ti- ^ mi&n<omm\^itzis\.^x . m$mmm^(Dii^ ^ ( $ 0 s tcp^-r ^ ^ 2 
m^mi izum<o^mm^<Dm^yjmizis\.^x. 
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[tmm 9 1 
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[0 0 0 1 ] 
[0 0 0 21 

Quartz Crystal Microbalance : Q C M) $ ^Tv^^o Z<r>QCMli. T^^ai^MJ- 

<7)mm^z^v.mm'r^t. ^mmi$.wi.:^HS:T-r^zt^mmLx^-i>o ttx. qcm 

[0 0 0 3 1 

Wi^^^t^^^^zti)mm^zi'j:^<Dx^ ■^%^^zio\^^xii^^umm^^^m^^m^^\'^ 
. ^^m^^(ommi^i±.^f^zt[zx^. i^^Bmm'^'k^^^xii^^x^hin^zi.x 
m<Dm^£^mn(oyi^^Bmm'f-^mcmm^zx^xmm^^^^mmm'^m^nx\^^^ i 

[0 0 0 4 1 

[#11^:5:^ 1 1 #r^¥ i i - i 6 3 6 3 3 i^mm^ 0 0 0 4 . mi) 

[#l1=:5:m 21 2001-289765 #<2j|& 0 0 15) 

[l&^OPJ^l 

[^^75^')>»;^ L J: T t -r ^ IS® 1 
[0 0 0 51 

mm^'kmmLKi:^^x\ ^y^-im^Lxi>mm^<D^mm-mmx^j:^'m-&m.x 
§tm-t^zt:fy^^^o ^(Dtzib. mff-scm\<D^^\izm^f^m^i^^ <-r^t^ ^oi^^t 

'^-m^£^^mi)^ii^'^'t <ti:i>f^mi)^i)^o ttz. ^^mmmt^ mp^<^mmv^m.^^tfifz 

mm^^m^x\^>^j:y^>m^<Dmmi,zis\.^xmmi^-r^'^nt\^^^^n . m^^m<^^ii^i^ 

^^^fznXii^^Lfz§^m^'i^^Zt^mL\^>o 
[0 0 0 61 

C MiO^-fb^. 112 OH^-To ^^'t'tliSV^T 1 4 8. 2 5MH z -e|§^gi-^J±migt& 

^<DC ami. m2 on-e*)^?^^ mfie/EmiSiii^^^rSi^^-ei 43.2 suHzx^m 

'^x^^x.fz'mh^im^^x . iet# 4" -eBEm^itt^^-^ Ills 1^ i ^ t LT^). wm-h^h 
\tmm.x^ho 

[0 0 0 71 

mrtefiffiO^'fl:^, 112 1 H^-To mrfEEEHigi&T-ti, ^^■t'lcioV^Tti, 14 8. 2 5 
UViz-&.m\Zii^^X. fiffiTS^- 9 0S*»<b+ 9 0S'\t.m^H^^t-r-2)o 
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iJV^TJi. 1 4 8. 2 5MH ziG:^(r>^^j:h-r 1 4 7 . 8 M H z ib 1 4 8 . 6MHzi 

<7)ai:^(I0t;i3tt'S<3:ffi{±, #{cAtJf8il<Oj4+it 1 8 OJSM^r^o mwi--2>i:, iii|ii^«7>ai 
[0 0 0 8 1 

[0 0 0 9] 

[If M ^ -2. 7t i6 o^^] 
[0 0 10] 

112 2 {±, ^mm^<Dmmn!^sLr^ y i^m-^'^^o ^m^^ii. 112 2 ic^-tj: ^i^it 

[0 0 11] 

Re (A/3) ^1 (MiJ^m 

[0 0 1 2 1 
[15:2] 

I m (A/3) =0 (^«i»^^) 
[0 0 13] 

■r-^^o ^Cti. Re (A/?) . Im (A/?) fi. IS^4A ^ <7)^i5cf|5 1 ^i5c^t:-*^o 

^f4^(7) 1 -oX^^itim^i^iJ&S.^^^ X ^ izLfzo 
[0014] 

nmtmiz^ 1 ^^mm(r>\^t}m^w^Ltzmum^^^<7^\i^timi-\.zw^^n. astusij^^^ 

[0 0 15] 

fzib(7)itm^i^m^hti^X^ ';f^liIS&m5ttfc^2#ffiIslg&<7)'; T^- ^ 
m:oTl^2Sffi|llS&i: >e-^^>;^6<jlC:9-g|^nTv^>2.fc*!). ^lllli&ofiJt##14H 

iit/ot'§m^j:<m)^-'fi^i$-(r>iiL^i:mi^x'^^o ztuzx^x. s.m.mm=F^^^'^ 
tmi^'ptizi5\.-xmwj. m^^z'^^Lx^tm^-^^ztt^x^^xoiz. §^mmm(r>^ 
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[0 0 161 
[0 0 171 

mm)i^ - y°<DiiLm ^mmnt^ 4^ uj±mm^^ m^izx-^xm^x^^o mi^^iz jo tt ^ a 
m^t-t^ztizx^. §^mmm^'^m^i-^zt^^x^. ^mm^fom'pizinf^mi'^ 

(0 0 181 

i^Wj^t fzit S AW (Surface Acoustic Wave) ISiiT-O v^-f tL;i^-e* o T J: v^o 
[0 0 191 

^Lx. ^^m^z%^±$i^mmm<^mmy^mii. mm^mmm'DMmsi^^^:m^L. 
mi&mum^'^^^u^t-m.m^t^zmmLfzt ^(d^m'^\z-^\^x^ m%z^^mM^(r> 
^uwii^mzio\'f^^U)\^-zrmm}i\tmt^i^ib^m\% • ammnoLmt. mm§^m 
iiig&(^Hfrfe^ 1 ^mm^(om^^m.'km'S.L. mti&mmmi^^^m t mm^^ tiz^mt 

mti^mm-mmtoisi^x^'ox. ^m^i^-yu^'irmm'f'O^mm&m&mx 0 ^z-r ^ii. 

izm^^ti^mmumt. i:mir^zt^mw:tLxy^^^o 
[00201 

Lv^o zfi\,zxy)^ j±nMWi=^^mM^z^^^^^zti)^x^ho ttz^ ^mmj^^m^ 
-r^^xmii. ^mm^^^--fy )v--f{zLx'i=t^£n t x\^>o zfi\,zxn, ^um^<r> 

[002 1 1 

-e-L-r. ^mmz^^h's.mm^mm.^t. ±.u<n^mm^^m^hz.t^«^Wit\^x\^^^ 
o zmzx^. ±-ULtz%w^tWLW^t(D'm-nx'^^Lx^m-r^9.mm'&mm.^n^ 

Z t ^^X # . M^ttO Q C M ^ ^ 0^1- ^ t ^^X § ^ o 

i§kmimm-t^fztf)(Dm:^<omm] 

(0 0 2 21 

*I&B^ (c-ff^ Mill S&ii J: t^'-eop^:^^a& ^ n ^ ffl 7t 3t*iliJ^^go^^o?F^ 

#.^r. mifmm^z'i^t'^xmmizm.m-r^o 

[0 0 2 31 

ma, ^iii*feff^^H'^<2>i±mtgi&^-ffli&Miiis&o-7'n y ^ii]-e^)>z>o HKii^v^r 
. ^mjsimi o^i. mmm^2 0 tmmmms 0 ti:^-r^o iiiniHi8&2 oti, ^y\£- 
ry7s<Dy^y y r ^ii^i2fzmn<^miif^^2 2 . 2 4t. mif^-mm^2 6t:d-hmf&Lx 

ii^o ^lSffilil^2 6(i> m^^2 2. 2 4 0Pfli;@eg$tL, A:^ffl75^'liiIiSff 2 2 ^itl 

aiiE# 2004-3011105 
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[0 0 2 4 1 ^. 

^rLTiii|isti2 4 <Diht}iim^^zmmLx ^ ^ . }i!,t}m^m^^^2 2<Dxti^j-izmmLx 
vt^x. ^^mm 1 0 (i> iiiiisiiiss2 0 tmm.m^3 o t izx^xmi^-y'^wm 

LTv^^o tLX. ±iiliilHlS&2 0O||l^fflip]S&2 6<7)ttltJ«iH-{i. ai:^ffl><y 1 2 
[0 0 2 5] 

>5:i3. Em«©T-3 4(±, m2^mmm3 2<Dmtim. 'otiom^s,^2 2(Dx^miz^ 

^tL-CtJ:v^, ^7^^. ^2f^ffillIS&3 2 ^^imoetllalS&^i^tcioTti^L. ^<D^iz 

i±mmm^3 4 ^mmtxii x^^o ^lx. tatim^^yyr 1 2 ti. Jii|ii[i]i^2 o(7)mt} 
m. -r^j:t>ibm^^2 4(Da!,ti^irizmm.LxiiX\^^o 

[0 0 2 61 

>- li- :$''>;2;(7)/s-y7 T ^*^a7::iiilii§?2 2 , 2 4 {±. h 7 > 5^ ^ffl v^^^iiipsHI 
i^^liipStl (:t^T>7') , Mtftliipitl. y (Emitter Coupled 

Logic : EC L) . ^'v-r-f rEC L (PEC L) ^tc J: oTti^T'l; -So -etT. BEm 

mw}^3 4 1 LTfi. TKB^^sifti^-^ L B o (L i 2B4O7 : us^^'^mmv I.) mm^ 

■e^oTctv^o ^/j, EmigKlT-3 4 ti. AT^ -y hiiltl^^. B T y hMlft?-. G T :^ 
<tv^ .^fc. ^ 1 SffllalS&2 6 t^2#ffilil]l&3 2 <7), ^fflfilUS&iJ i O^ti^lHJ^^f^B^i- -2, 

o 

^l^fflIeIS&2 6<7)^fffilHllf&^>^2^1=aiill^3 2 0^fffiI5]g& , f5ffi^iii6^iiffillliE&^ 
fclif^ffi^S^-it^jltaillS&S /^{±#ttgIi]ii&Tl#^1-^^<h7i^^T-§^o I^Jx.^^^^ 112 (1 
) ~ (3) ti. ji1SlEl£S<7)— ^J^^i-m-C^^o 113 (1) - (3) f±. Mmi^O— 1HJ 

^m-tmxh^o tfz. m4 (1) (i. mmmm^<D-mt:7ii-tmx^n . a 4 (2) 

(D')T ^ 9 y T^mnm^X^^bo CO^^tc, 1^ 1 ^i=g|l]if&2 6<7)^|B[llif§i7t:{i||2^ 
>B[eI]f&3 2 <7)||fiffii5ijE§{i, I12^^^>ll5T'^L;^>:lHljf&ov^-rti7&-co|llS&-etS^i--2>c:h7ii^^ 

10 0 2 7] 

116 {i. mi ^ffl[iis&2 6 (r>M,iifmmj^mttz\±m 2 ^mm^ 3 2(DM,iif.tfy%)^mxh 
He (1) {±. m.mzmm.Lfzm^t^2 0 Q\.zx^xmi^Lfzmxhho if 

fliif? 2 0 0 (i 1 om±t-^-fx(fv^ < o-C^a^v^o 116 (2) (i, SM^^U J: o Tli^ L 
l^-t:hZ.ti}^X^^o m6 (3) (i> ^l#'raiilfiS2 6 i7t:{±^2^^ffilslif&3 2 ^^IE§-C 
^Zt-/)^X^^o 
[0 0 2 81 

(wp^-r^^ i:75?T?§^o ^nici^i, ^ 1 ^ifef^i^<7)|gig[i|g§ 1 0(i. l^^tf' (^#4' 

zt^zxy). it^-t y-*r. ^u^-t>-^^ QCM^t'om^iioigv^gfiffiijjE^m^s^ 

[0 0 2 91 

Eiyfi. ^2iiMff^^.t;#^ffm«ift^^ffli;miii^<7)rn y ^'HT-^^o iii7ni3(.^T 

. l&lgdIg&S 0{i, ±iil)llilg&2 0 i:^MIllS&^^fiS;LTv^^^2SffilllS&5 2 tHJioT 
ig^P-yTj^^FM^^Tv^-So ^2#ffi|5IS&5 2(i. #ffiI5Ig&g|S5 4 i:ffmMiili^3 4 t ^ 

mm^w 2004-301 1105 
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10 0 3 01 

tTi^-c-i^o ^LT. ^mm^U5 4 (Dxtimii. m^m^2 oi:m^Lx\^>:hmmm2 

4 (omti^^izmmLx^^o ttz. ^mm^U5 4(Diiitiiw\i<m. mmmmif-s 4 <D- 
-^(D'mmi}'^^^Lx^^o f±.mmw}T-3 4 oft!i:^(7)ms(±, m^mm2 0 ^mf&Lx\^^^ 
mm^2 2<Dxti^if-^~mmLxi>^o -tLx. ^ y ^m^5 eii. mmm^tmmm^ 

J: n izm^Lx$)^o 3 >T-'>^f 5 8 fi. ^ y i^mms 6 ^mM.miu^:^'-txmM-t^i> 

<DX^:ho 
10 0 3 1 ] 

112 3 {±. m2mmfmizii^'x. mi^^mm2 e tm2^m^^5 2(r)iiL^mmu 

5 4ti. m&m'm^^m^Kx^xmf^iLLfzi>(DX\ mmmmmo^) r y :^mmm 
^^m^^o ^nrnmi-z 4^'s.w^^~mm.Ltzt^{z^ wLW(r>m.m\tz^h 

mm.^^^j:t'{zi.^xm\:-r^o ^^x\ iiLmm^'^m2 3<DXnizmj±mmm(^vTi^ 
^ y xmmmm^mn ^ :z t iz X o> f&jgms&s ooii]i?&^m^©^ii^-r'5>- <i:;^^~-c-i-& 
o c<7)7t4i), i&^iii?&5 o<7)?^rfiici3tt^i!;<^^^^$-y:'S)C<h7jwHgr^ mmmmi^3 
4immiz^ ^^Lx§^m^^^z t:^^x^^o ^is. m I mm'!fm(om I mmm^ 2 6 
tm2^mmm3 2 1^. mj±mwm(7)vm ^y>^mmM^^mi-^j^oizm^Lxi> 

X\^^Z tiii>-^^A.X$):ho 
[0 0 3 21 

iii8{±. m2mmifmiz%:h^mm^5 o<DM,mm'i:7r^Lfzii<Dx^^o ustcisv^ 
^ 1 #ffiii]if§2 6 m2^mmm3 2 li. '^^mmv^ v^m^^fzm&mmm 
(D')T^ ^ y T^mm^^a i^Tf^mm^m^'^^ ^ )^ tw-itij y vm<r>^ yry^iizx-o 

:':^i^t^r^Jii|is§f 2 4om:^«^^t3«^L-c*-2,o 

[0 0 3 31 

m^^m^2 o<Dm i f#+aiHis&2 e (i, pt^^wm^m^- k6 o itv^^^^p^ y v-r 

Z>2^(Di] y-f'jy'^fayTy^b 2^ 6 4 t , :3 ^ 6 6 t > 2 00^ 

i^te 8, 7 0 t7)»«b^:o-Cv^^o i-^t?*>, ^lSffiIllE&2 6(i, nT^Sft^^-r :t - K6 
Oory- Kt!*^^:^ -7 > ^^-n ^r-'^-if 6 2 ^^LT±ii|iS§?2 2 Otii^'jST-lclii^ LT ^ 
httiiK. 5£}5l6 8 ^^LT|ifl^LT^;|>o i ^^'^m.V ^ ^- K6 0 O:;^ V- K 

, r7^;i/6 6<7)— ^75?^^LT*^o C<7)=r ^ ;i.6 6 OHfeS^Ji. :^ 7" V ^ :3 ^ t"* > -9- 

6 4 ^^^Lr^ilpitl2 4 oAtiST-tc^MLr^^o ^oi 9 t^. pi^^i^s^^ K6 

0 i: 2 oc9®^6 8 . 7 0 55^«JE$imS<7) V T ^ ^ >>^flJ^l5IS&^:^^ LTv^^o 
[0 0 3 4 1 

m2^nm^3 2 a. "Bl^^fi^^^^- K7 4 Itv^iL^:^^:^ ^ hi-^ 200 
:^ y T''; ^iJ'-n >'T'>'-9- 7 6 , 7 8 ^mm^X$)^=i ^ )l^8 0 2o<^^^82. 
8 4 i^-r^ho nT^^Wi^^ ^- K 7 4 <DT J - K{±, y 7''J >t'>'+^ 7 6 

-^{Clfl^LT^)^ i: i: tc, igiii: 8 2 LT^^fe LT ^ >^ y T'U > >t-*>-9- 

7 6<7)fl!i^(±, 3^;i.8 0<7)— ^ti^^LT$)^o ^(On ^' ;i/ 8 0 EEm^SHjT- 
3 4(D—yf(DmW.izm^LX^^o ttz, or^^M^W'^- K7 4 0:<?y- KI*, 

>T-->-tj- 7 8 0-3StC^g^^LT^)>5> ttiiiZ^ mtX8 4 i<f\'LXnM>:^^h X:f3 ^ 

ti^mn'ms.<7)xt}Mj-i,zm^^ti^o -^lx. ti y-f) y ■y'^nyTy^i 8(DmMit^ 

mil# 2004-3011105 
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[0 0 3 51 

[ 0 0 3 6 1 
[0 0 3 71 

ii9(±, ^2^ffi[aii?&3 2 ^iit-c\ iiLm<7)mtm^^it^'^fz^tm^7jk'rm-^$>^o m 

co*>, i±m«t!jT-3 4 ^?iS^*:4'lw^S?t-r^ ^ > e-^^>X7)^~if:/ci-'g.<ot|wiB#(i. EE 

3 4 75^'?i£^4'T'illigf ^ J: ^ {C, ^2#ffi|518&3 2 fittT\ m^®m<D^mi^^it^ 

■^^ la 9 (7) J: ^ ^» o 'BHJx.ff^2 ^ISmS&S 2 ^ It i^Sc L T v ^ ^ nd'^l^SOO^r^^^ 

ffi^C. ffi^D-e LTffl^EcT) J; ^ < Tfc^o ilIiIS&<7)fi;ffi^jlt,-^-Cv^ < t , 

hm*ifzmmmzis\^^ri,^m-t^x^^z^^^o vt^x. j±mmm^3 4 i^zmn^mm.:^' 

[0 0 3 81 

mi 0I±. ||2^ffiIaIS&3 2fi{tT\ jiffi^^^fb$-<ir/i <t § c7)fiJt#(7)^<t^^-ril|-C* 
^2fS:ffi|pIg&3 2{cj;oTM<7)'^^ft:i^;^^ <-r^i:, 'if itHIS&O ^ > if - ^> 

i:, Bbm^g»^^3 4 ommmm&co tii.mm^m=^ 4 t X :hmmm^i&^-rmm. 
m^^t^ir^bo ^Lx. z<Dmmmzisif^mm'. §tmmm^i^<7ymm^iz^ <^^^z 

mmmmmcotmmmii. ^m(7)mfi^m^tm^'fzib. mmmmT-s 4(D^mx<o^ 

<ti:^xm.m^m^3 4(D^mm'i^mz'T±<ij::bo ^ut-ox. iiLmmmm::' ^ )^ tmmm^ 
itLmmmm=i )vtm.mm^MCotizximmm^'^±-r^o ^^is. HQic^tTte 

[0 0 3 91 

\i-yy7.(r>/<y'7y^^iCAfzm^^2 2. 2 4{CJ:oT. m 2 ^mm^ 3 2 t ^ > \£ - 

ryT.d^iz^m^'tfzm 1 f$mmm2 eizx'o. i&tiiaisss o<7))u--f^^(Ditr:mi:mm 
■t^xiizLx^^^^o -r^^io-tb. mMm^izmffzm2^^mm3 2i<zx-ox}±mmmir 
3 4 7&^ ^'^tm'ptx^mx^^x^^ziiL^^mm-t^i<ziim.^t'$)^o tzx. ttips 

I5!l^2 0iZtklffz^immM^2 6iZXt). ^ii^oo^^0ki^i:mM^j:mm^<r>tZ:bl<Zl^ 

m^^^o ^LT. m2^mM^2 eKX'oxm^(D§tmm^mzinf^nmm^hix. 
tfzumi: omiizmmi-i>o ztuzx^, m^mm.izi^mLfzm^^izsx'Nitfoxy^^mm 

miEJjf 2 004-3011105 
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[0 0 4 0] 

mi ni, ^ 1 f^*@islS&2 6 ni-s, l§^g|allE& 1 0 i 114115] jf& 5 o (7) ju- 

[0 0 4 1 ] 

mffzztiix o> sm4Si&T-3 4om®F^#sco<b:3^;i/i:coji:?ijjt4i^i9^jii-e#^ 

^^'llg&S 6tC<t-&flJ#<^Ji^(i0T-*^o 9 y mm ^ & KXti-t 

^^\fLm-^i)^^^^m-b^h-ffi^t^ m)^--^m^-hM.tz^ y^mm ^ &(d-( y\£-vy 
^7>^\%MtifaTL. ^mm\k^i)^h{t-riifz^mt^ iwm ^^~n>T->-if5 s ^^^L■c 
?fMipjjtcv£n, m)^--ymmm^T'ri>o m-^x. s'yi^mm5 6<7)^mm'&m.if±m 
mmT-3 4 (Dmmm^^mt-mi^^^ z t iz X tj, mmm'i&mj^n<7)mm.mziiif;hm)i^ 

- y of iJtfTj^^fST L . ^ WJfiJi- -i) ^ <»: tJ-'T- # >5> o 

[0 0 4 2] 

HI 1 3 (i, ^mmms O izX-oX1±mmW)^3 4 ^^^t" i:ii^#:4'i:t:-|&tg^^i:-5,;^>:i6 

. i±mmmj-3 4 i:mi^^izmmLfz^mxmmLx. myfiiZi3\,^xmmz^mir^xo 
iizmm-t ^ ^TFtfzii (Dx$> h o 

[0 0 4 31 

[lS&5 0O^>^|5IK5 6 tm^mm2 O i:<^K«-^0*)SILT:t--7'>;U-^tzL, ^<7) 
oT:t-7'>;i'-7'<7)|5]S&#l4^iij^L, ^-7°>;u-7°<^fiJt#. fi+B * ^ail" -5. (XT- 

•y^'ioo) o i-'ir^b*,, ir--:^y )u-y(Dmmxf£mmm=F3 4 i%<=ptm'ptxmm 

lziott*fiJt#t&ffl<7)^ait±. Wi)^--:th\^fzhh<r>\lLmz^fy^:hfzt>. ^--fy)\^- 

■ftm)^--ytizisiir;b-iy\^-i^y^(Dmmi:^mtxmiE^n^^no 

[0 0 4 4] 

mi 4{i. ^mmm^t--fy)u--:rizLXiiLn<D^^ti:i9mLfz-mi:7riLfzii(r>x 
h^o C<7)[2ltii3V^T. jiffl^fl:offl^75^~OJ^i:^M-r'5>ig«l5:Ui3V^Tl§41IllS&7!»-'l§41 
-T'I.dTh&I^tJ^^^'&o -e^T% 7.7^ y 7° 1 0 2 ICtfLt^c J; ^ tc. fiffi^^ 1 ^i^^i" 

-5>;5^S^^^^#iJ»fi-'i>o CK^fiffl^ft 1 (i. smtli6T-3 4 <7)*|i (Mil) i^rSiSc (±41® 
) i5^T*)oT, JEm41i&^^3 4 i:fl41?-iJ:/wt ^(0-g-n-rtLlC;fev^T. ± 

41i!)<7)lirSi5:i5^-e4- < , i.m.m<D^^WiX «9 ;^v^jir^i5:®HT'fi'IB75-'0 -efij#75^' i mr 
i:^^ J: ^ tcfiffi^^^rP^-r-So fiffi^fij^ 1 ^?tJ£ LTv^^v^^t^. 7.y-y:r\ 0 4 \>z 

aitiE#2 004-3011105 
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10 0 4 5] 
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